Relaxin and estrogen reduced the resistance to dilatation of the mouse cervical canal. Relaxin was stored in, and secreted from , the ovaries of pregnant mice. The corpus luteum of gravid women just at delivery contained 25-50 GPU/g of relaxin, while the placenta, amniotic fluid and serum had no relaxin activity.
Relaxin, which was first identified by Hisawl in 1926 as a substance in ducing the growth and relaxation of the pelvic ligaments of the guinea pig, has been believed to be a kind of protein hormone. During the pregnancy, the separation of the pubic symphysis of the guinea pig and mouse develops with the progress of pregnancy, and it turns to regress rapidly after the delivery. The separation of the pubic symphysis is attributable to an action of relaxin. Recently, besides ovarian steroids such as estrogen and progesterone, relaxin has been considered to take a part in regulating the softness and dilatability of the uterine cervix of pregnant mammals. The action of relaxin on the uterine cervix is recognized in various animal species, but is not always demonstrable in human being.
So far as we know, the relaxin secreting organs are considerably different in different animal species. In pregnant women, the organ with high relaxin content remains still unknown.
In the present paper, attempts were made to clarify the following problems: 1) How is the mouse uterine cervix influenced by various hormones and organ functions? 2) What organ secretes relaxin and what hormone regulates its secretion? 3) How much is the relaxin content, if it is present, in the corpus luteum, serum and placenta of pregnant women? 4) What is the mechanism of regression of the separation of the pubic symphysis after the delivery in mice?
MATERIALS AND METHODS Animals. Female adult virgin mice (22-26g body weight) of dd-strain were fed on Oriental Mouse Diet. Tap water was given ad libitum. The animals were kept in a room at a temperature of 17-23°C.
Measurement of resistance of the cervical canal. The animal was tied and fixed, and the abdominal cavity was opened by a small incision. A polyethylene tube (outer diameter, 0.122mm; inner diameter, 0.076mm) was inserted through the left uterine horn until its tip reached the cervix. The radical portion of bilateral uterine horns was ligatured by silk threads to fix the tube (Fig. 1) . The Relaxin containing extract from the serum of pregnant women. The extract effective for the guinea pig was prepared by the method of Albert and Money., An active fraction for the mouse was prepared according to the method of Kliman et al.,5 from the ethanolic precipitate obtained in the extraction process with the method of Albert and Money. Both extracts were suspended in 0.2ml of B-4B and injected subcutaneously.
Extract from the human placenta of full-term birth. The extract obtained by the method of Frieden and Layman6 was injected subcutaneously as a suspension in 2ml of B-4B.
Further, the human corpus luteum at parturition and the ovary of mice dur ing the estrus and pregnancy were minced. The placenta of pregnant mice was homogenized. Each material, suspended in 0.2ml of B-4B, was injected subcutaneously to the neck of pregnant mice and of mice on the 6th day of the pretreatment with estradiol.
RESULTS
Relaxin reduced significantly the resistance of the cervical canal of mice and a similar effect was found with Ed-dp. The effect of Ed-dp was influenced neither by progesterone nor by He-ac, but was antagonized with HCG. The extracts of the serum and placenta of pregnant women did not enhance the effect of Ed-dp. By the suspension of human corpus luteum the effect of Ed-dp showed a tendency to increase, but this effect was statistically not significant, when 50mg of the corpus luteum were administered ( Table 1) .
As is shown in Table 2 , the separation of the pubic symphysis in pregnant mice significantly regressed, and abortion was induced within 24 hours after castration. If the animals were treated with 1mg of progesterone immediately after castra tion, abortion could be prevented, but their interpubic ligaments failed to be elongated. On the other hand, the interpubic ligaments of castrated mice were not shortened when relaxin was administered. The changes in the length of the interpubic ligaments of pregnant mice seemed to depend entirely on the ovarian TABLE 1. Effects of relaxin, progesterone, cortisone, HCG, extracts from serum and placenta and corpus luteum on resistance of the cervical canal in estrus mice and mice pretreated with Ed-dp * Measured 24 hours after each treatment.
•õ P-cap was injected simultaneously with Ed-dp.
activity. This suggested that the function of ovary in pregnant mice is closely related to relaxin secretion.
When both ovaries of a mouse on the 17th and 18th days of pregnancy were implanted subcutaneously in the neck of another mouse pretreated with Ed-dp, the length of interpubic ligament of the latter increased significantly . This shows that relaxin is contained in the ovaries of pregnant mice (Table 3) .
The length of the interpubic ligament increased after extirpation of the TABLE 3 . Effects of administration of the suspension of ovaries of mice during estrus and pregnancy on the interpubic ligament length of mice pretreated with Ed-dp placenta together with the fetus on the 17th day of pregnancy. When a half of the removed placentas from each animal was implanted subcutaneously to the same animal which had already undergone placenta extirpation, the interpubic ligaments tended to be shortened again (Table 4) . Extracts from the serum of pregnant women were usually ineffective in inducing symphyseal separation in mice pretreated with Ed-dp. In some cases, a regressive effect was noticed (Table 5) . TABLE 5 . Effects of administration of the extracts of serum of pregnant women on the length of the interpubic ligament of mice pretreated with Ed-dp
Judging from the recovery rate of relaxin in a preliminary experiment, the concentration of relaxin in the serum of pregnant women, if it exists, would be less than 0.6 GPU/ml serum.
The suspensions of the corpus luteum of parturient women obtained at cesarean section increased significantly the length of the interpubic ligament in mice pretreated with Ed-dp.
The content of relaxin in human corpus luteum ranged between 25 and 50 GPU/g except for one specimen which showed a markedly low relaxin content. The extracts from both the human placentas of full-term birth and amniotic fluid obtained by puncture at the delivery were proved not to increase, but rather to decrease, the length of interpubic ligament in mice pretreated with Ed-dp ( Table 6) .
As is shown in Table 7 , HCG decreased the length of interpubic ligament in pregnant mice. In castrated mice, HCG had no effect on the symphyseal separa tion and the maintenance of pregnancy. Table 8 .
As is shown in Table 9 , relaxin activity was enhanced in the presence of a proper quantity of estrogen. The regression of the separated pubic symphysis of mice after interruption of pregnancy on the 19th day was inhibited by a sufficient dossage of Ed-bz. In the mice castrated on the same day, the effect of Ed-bz was not observed. A marked regression of the symphyseal ligament was observed in mice , when oxygen had been introduced into their cervical canals through a polyethy lene tube at a pressure of 40mmHg for 15 minutes immediately after removal of the uterine horn contents on the 17th day of pregnancy. This result indicates that pressure exerted on the cervix of pregnant mice contributes much to the regression of separated pubic symphysis.
As is shown in Table 10 , the action of progesterone on the symphyseal separa-TABLE 10. Effects of progesterone on the interpubic ligament length of mice treated with Ed-dp and relaxin tion of the mouse primed with estrogen varied according to the dose and duration of progesterone administration. When a large dose of progesterone was applied to the mice pretreated with Ed-dp for a short time, the length of the interpubic ligament decreased probably as a result of antagonistic action of progesterone against Ed-dp. When the same dose of progesterone (P-cap) was used for a relatively long time, the ligament length tended to increase presum ably as a result of synergistic action of progesterone with Ed-dp. This balance between Ed-dp and progesterone influenced the final effect of. relaxin; when relaxin was injected simultaneously with progesterone to mice pretreated with Eddp the interpubic ligament length of the primed mice was decreased markedly24 hours after the injection as compared with the case in which relaxin alone was used. When P-cap was injected on the first day of pretreatment with Ed-dp and relaxin was injected on the 6th day, the interpubic ligament length of these mice 24 hours after the relaxin injection was increased more than that when relaxin was used alone.
DISCUSSION
It has been reported by many investigators that estrogen acts to soften the uterine cervix and to shorten the duration of labor in women" as well as in rats.10,11 Such effects were also observed with relaxin in rats,2,12 mice13 and pigs.14 In pregnant women, however, the action of relaxin to bring about the above effect has been controversial. Our observations" supported the view that the dilatability of the uterine cervix at parturition is increased by relaxin.
Inconstancy in the effect of relaxin in human subjects, which was hitherto reported, might be due to the multiplicity of factors pertaining to labor. Ichijo et al.'s working with rats reported that relaxin exerted a quite different in fluence on the sphincter-like function of the cervix according to the method of administration and dosage of relaxin and the duration of action. Even when the pubic symphysis of pregnant mice was mechanically fixed, the delivery was not hampered because the flexibility of other pelvic joints is sustained in the presence of relaxin.17 However, the delivery was disturbed after castration." The results suggest that relaxin is one of the hormones which are essential to normal delivery in mice.
There is a considerable difference in relaxin contents of organs according to different species of mammals. As regards the relaxin content of the human placenta, some investigators19,20 reported that there was no detectable amount of relaxin, while others21 stated that the placenta contained relaxin in a concentra tion of approximately 4 GPU/g.
The existence of relaxin in the human corpus luteum at pregnancy was reported by Steinetz et al.3, 20 After an unsuccessful attempt to demonstrate relaxin activity of human ovaries on the pubic symphysis of the guinea pig by the palpation method, they could find relaxin in the human corpus luteum in pregnancy by means of an immunological method. However, they could not demonstrate relaxin in the ovaries of pregnant mice even with the latter method. The present result indicated that relaxin contents in the human corpus luteum at parturition ranged between 25 and 50 GPU/g. These concentrations are much higher than 4 GPU/g, which is the highest relaxin concentration in human blood and various organs hitherto reported, but they are still lower than the concentra tion of 600 GPU/g3.4.22 in the pregnant sow ovary, which is used as the relaxin standard substance.
Although it was reported that the mouse had no sensibility to human relaxin,23,24 the present results showed that the length of interpubic ligaments of mice pretreated with estradiol was increased after administration of the human corpus luteum. Accordingly, the mouse can be also used for bioassay of human relaxin.
The observation of Zarrow21 that the relaxin concentration in the serum of pregnant women reached 2 GPU/ml in the last week of pregnancy is not in agreement with the result of other investigators that relaxin could not be demonstrated in the serum of pregnant women,12 or relaxin could indeed be detected but it disappeared toward the end of pregnancy.19,25,26 The author could not find relaxin in the serum of pregnant women, placenta and amniotic fluid. In these fluid and tissues relaxin may not exist at all. Even if it exists, its concentration must be very low.
The effect of relaxin is enhanced in the mouse under the presence of estrogen and is inhibited by progesterone. According to the present results the effect of progesterone on the action of relaxin was variable, depending upon the ratio of progesterone to estrogen or upon the duration of progesterone activity. It was reported that the concentration of progesterone in the serum of the pregnant mouse began to decrease from the 9th day,27.28 while estrogen began to increase from the 12th day.27 Besides, histological examinations suggest a regression of pro gesterone secretion around the 14th day of pregnancy,28 when relaxin secre tion begins to be noticed. 29 Prior to the beginning of relaxin secretion the optimum condition for the action of relaxin is prepared by estrogen and progesterone in the pubic symphysis of the pregnant mouse.
The present results showed that HCG decreased the interpubic ligament length of mice and did not accelerate the secretion of relaxin. On the other hand, LH stimulated relaxin secretion and enhanced its activity, when LH was given simultaneously with LTH. It was reported that the hypophysis of pregnant mice released LH in increasing amounts as the pregnancy progressed, and the weight of hypophysis increased rapidly from the 15th day and turned to decrease on the 18th day of pregnancy.30 These changes seem to go parallel with the change of the interpubic ligament in pregnant mice.
Hall et al.31 assumed that relaxin secretion was regulated by placental LTH, but the theory seems to be incorrect, because of the following result; the length of interpubic ligaments of mice does not always decrease when the placentas are extirpated, but it is always shortened after subcutaneous administration of the emulsion of removed placentas.
The mechanism of the pubic symphyseal separation of the pregnant mouse due to synthetic oxytocin is not yet clear but several investigators32-36 have reported that oxytocin acts to induce LH release, to stimulate ovulation or to maintain the luteal function. Hence, oxytocin seems to be related indirectly to relaxin secretion.
The separation of the pubic symphysis of mice attained its maximum on the 19th day of pregnancy, though the relaxin content in the ovary tended to decrease on the same day. It seems that there is a time lag between the increase in ovarian relaxin and the relaxation of interpubic ligaments. This may be explained by the observation of previous investigators27,30 that the effect of relaxin admini-stered to mice reaches its maximum in 18-24 hours and declines in 36-48 hours.
The puerperal regression of the separated pubic symphysis is due to the decrease of ovarian relaxin and the lack of estrogen. Physical pressure on the uterine cervix at delivery seems also to play an important role in the regression mechanism of the pubic symphysis.
The action of HCG to inhibit the symphyseal separation in the pregnant mouse occurs not through the placenta, but through the ovary. This action of HCG is analogous to that of progesterone administered to pregnant mice. Since HCG has been regarded38,39 to accelerate progesterone secretion from the ovary, the effect of HCG described above in pregnant mice may result from acceleration of progesterone secretion by HCG.
